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7HFKQRORJLFDO LQQRYDWLRQ LV YLWDO WR EXVLQHVV E\ D PLWLJDWLQJ DJDLQVW SURGXFW
FRPPRGLILFDWLRQ E VXSSRUWLQJ FRPSHWLWRU SURGXFW GLIIHUHQWLDWLRQ DQG F IDFLOLWDWLQJ
DFFHVVWRQHZPDUNHWV&RQWHPSRUDU\FRPPHUFLDOPDQXIDFWXULQJRUJDQLVDWLRQVRSHUDWH
RQ UDSLG WLPHWRPDUNHW IDYRXULQJ DSSOLFDWLRQ RI ORZULVN DQG SURYHQ WHFKQRORJLHV 
ZKLFK FDQ OLPLW VROXWLRQ FUHDWLYLW\ +RZHYHU WKH LQVLJKW JDLQHG IURP MXGLFLRXV
HQJDJHPHQW ZLWK HQGXVHU QHHGV FDQ LQIRUP ORQJHUWHUP 5	' VWUDWHJ\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$JDLQVWWKLVEDFNGURSWKLVSDSHUSURSRVHVWKDWHPHUJLQJZLUHOHVVWHFKQRORJLHVFDQ
DFWDVHQDEOHUVIRULQQRYDWLRQIDFLOLWDWLQJGHYHORSPHQWRIQHZXVHUFHQWULFKHDOWKDQG
6RFLDO&DUHSURGXFWV$FFHSWDQFHRIVPDUWKHDOWKFDUHSURGXFWVLVJURZLQJGXHWRGHYLFHV
VXFK DV ZHOOQHVV PRQLWRUV DQG FRQQHFWHG PHGLFDO GHYLFHV HJ VPDUW LQKDOHUV >@
5HVHDUFKDW7KH8QLYHUVLW\RI6KHIILHOG¶V$GYDQFHG5DGLR7HFKQRORJ\&HQWUH$57&
LV DGGUHVVLQJ WKH QHHG IRU IXWXUH UDGLR WHFKQRORJ\ LQ 6RFLDO &DUH DQG KHDOWKFDUH
DSSOLFDWLRQVIRFXVLQJRQKLJKUHOLDELOLW\,R7,QWHUQHWRI7KLQJVDQGORFDWLRQGHWHFWLRQ
(PHUJLQJ&RPPHUFLDO,R76\VWHPV5HOHYDQWWR6RFLDO&DUH3URGXFWV
1LFKHSURSULHWDU\,R7FRQQHFWLYLW\RIWHQDLPHGDWWKH6PDUW&LW\LVQRZFRPPHUFLDOO\
DYDLODEOH,QHYLWDEO\WKHUHOHYDQFHRILQGLYLGXDO WHFKQRORJLHVZLOOHYROYHSDUWLFXODUO\
DVRSHQVWDQGDUGVHJ,(((DQG/RZ3$1DQGQHZPRELOHFHOOXODUV\VWHPV
DUHGHSOR\HG2WKHUHPHUJLQJFRQQHFWLYLW\V\VWHPVQRWDEO\:HLJKWOHVV3DQGDK
KDYH\HWWRVKRZFRPPHUFLDOYLDELOLW\,R7UDGLRV\VWHPVLQ6RFLDO&DUHPD\HQFRPSDVV
WKHIROORZLQJDSSOLFDWLRQVDQGXVHFDVHV
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB
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PDLOHDEDOO#VKHIILHOGDFXN
D8ELTXLWRXVGLVFUHHWHPHUJHQF\FDOODQGUHDVVXUDQFHGHYLFHVIRUERWKGRPHVWLFDQG
DVVLVWHGOLYLQJ IDFLOLWLHV LH QH[W JHQHUDWLRQ WHOHFDUH E ERG\ZRUQ KHDOWK GDWD
WHOHPHWU\HJEORRGSUHVVXUHKHDUWIXQFWLRQIRUUHPRWHFOLQLFLDQVFPHGLFDOGHYLFH
GDWDWHOHPHWU\HJEORRGJOXFRVHPRQLWRULQJLQKDOHUPRQLWRULQJIRUUHPRWHFOLQLFLDQV
GIDPLO\ZHOOEHLQJHJPHGLFLQHUHPLQGHUVDFWLYLW\PRQLWRUVORFDWLRQPRQLWRUVH
PHGLFDOLQWHUYHQWLRQVDQGUHPRWHGHYLFHFRQWUROHJSDFHPDNHUV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2YHUDOO WKHUH DUH SUHVHQWO\  GHSOR\DEOH RU QHDUWHUP ,R7 UDGLR WHFKQRORJLHV
DSSOLFDEOHWRWKHDERYHH[DPSOHXVHFDVHVZKLFKDUHQRZVXPPDULVHGEHORZ
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/R5DLVDUDGLRSK\VLFDOOD\HUWHFKQRORJ\DQG/R5D:$1LVWKHPRVWFRPPRQQHWZRUN
LPSOHPHQWDWLRQ IRU FLW\ZLGH DUHDV >@ 7ULDO GHSOR\PHQWV KDYH EHHQ FRQGXFWHG E\
SRWHQWLDOQHWZRUNRSHUDWRUVLQWKH(8LQFOXGLQJ)UDQFH6ZHGHQDQG,WDO\EXWH[WHQVLYH
QDWLRQDO UROORXWVDUH \HW WRRFFXU8VHUGDWDSD\ORDG OHQJWKVFDQEHXS WRE\WHV
%LGLUHFWLRQDOGDWDLVVXSSRUWHGDQGSHDNSRZHUFRQVXPSWLRQLVDSSURSULDWHIRUSULPDU\
FHOOVIURP&5VL]H/R5DLVVXLWDEOHIRUXVHFDVHVWKDWFDQVXSSRUWDUHFKDUJHDEOH
UHSODFHDEOHEDWWHU\LHµEG¶/R5DLVRIWHQGHSOR\HGE\DVDSULYDWHEHVSRNHQHWZRUN
6LJIR[
6LJIR[ SURYLGHV EDVH VWDWLRQ LQIUDVWUXFWXUH DQG &ORXG VHUYLFHV IRU QDWLRQDO 6LJIR[
1HWZRUN2SHUDWRUV612VWRLQVWDOODQGPDQDJH,WDOVRSURYLGHVHPEHGGHGVRIWZDUH
WR SURGXFW PDQXIDFWXUHUV ZLVKLQJ WR LQFRUSRUDWH 6LJIR[ FRQQHFWLYLW\ LQWR SURGXFWV
6LJIR[KDVEHHQSULPDULO\DXQLGLUHFWLRQDOV\VWHPEXW OLPLWHGELGLUHFWLRQDOFDSDELOLW\
QRZH[LVW*OREDOO\)UDQFHDQG6SDLQHQMR\WKHPRVWFRPSUHKHQVLYHFRYHUDJH$UTLYD
FRYHUFLWLHVLQWKH8.>@6LJIR[SDFNHWVDUHOLPLWHGWRE\WHVRIXVHUGDWDDQGSHDN
FXUUHQW FRQVXPSWLRQ GLFWDWHV XVH RI EDWWHULHV IURP &5 VL]H 3URGXFWV XVLQJ 6LJIR[
LQFOXGH IDOO GHWHFWRUV VPRNH GHWHFWRUV DQG JRRGV WUDFNLQJ 6LJIR[ LV VXLWDEOH IRU
DSSOLFDWLRQVRISK\VLFDOVL]HVXSSRUWLQJDUHFKDUJHDEOHUHSODFHDEOHEDWWHU\LHµEG¶
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,R7EHQHILWV IURPDG% OLQNEXGJHWHQKDQFHPHQWRYHU*/7(YRLFHDQGGDWD >@
ZKLFKFRXOGWUDQVODWHLQWRDFRPELQDWLRQRIDIROGUDQJHLQFUHDVHRXWGRRUVRUHQKDQFHG
EXLOGLQJSHQHWUDWLRQ,IWKHFRPPHUFLDOPRGHOIRUQHWZRUNDFFHVVDQGWKHPRGXOHFRVWV
DUHFRPSHWLWLYHWR6LJIR[DQG/RUD1%,R7LVSRLVHGIRUZLGHVFDOHDGRSWLRQGXHWR
OLNHO\XELTXLWRXVFRYHUDJHDQGRSHUDWRU4XDOLW\RI6HUYLFH'DWDUDWHVXSWRFLUFDNEV
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QRW\HWFRPPHUFLDOO\DYDLODEOH$KLJKSHDNFXUUHQWFRQVXPSWLRQLVH[SHFWHGWRSUHFOXGH
1%,R7IURPXVLQJ&RLQ&HOOEDWWHULHVKHQFH OLPLWLQJHQGSURGXFWPLQLPXPVL]HDQG
6RFLDO&DUHDSSOLFDWLRQVDVVLPLODUWRWKRVHRI/R5DDQG6LJIR[
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 LVZLGHO\ LQFRUSRUDWHG
LQWRVPDUWSKRQHV%/(KDVEHFRPHDFRPPRQVKRUWUDQJHFRQQHFWLYLW\WHFKQRORJ\IRU
µZHDUDEOH¶GHYLFHVSRZHUHGE\FRLQFHOOEDWWHULHVEXWFDQVXIIHUUDQJHOLPLWVLQGRRUVRI
FLUFDP&RYHUDJHUDQJHLVH[SHFWHGWRLQFUHDVHIROGZLWKWKHUHOHDVHRI%OXHWRRWK
%7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DQ\ZKHUH ZLWKLQ D W\SLFDO GZHOOLQJ *LYHQ WKH SRSXODULW\ RI FXUUHQW %/( HQDEOHG
VPDUWSKRQHVDQGWKHOLNHO\ORZFRVWRI%7/(FKLSVLWLVVXVSHFWHGWKDWWKLVWHFKQRORJ\
ZLOOVLJQLILFDQWO\GLVUXSWWKH$7KHDOWKDQG6RFLDO&DUHGHYLFHPDUNHW$WSUHVHQW%/(
LV WKH RQO\ ,R7 WHFKQRORJ\ FDSDEOHRI EHLQJ SRZHUHGE\ FRLQ FHOOV HJ&5 IRU
PXOWLSOH \HDUV %/( LV DSSOLFDEOH WR XVHFDVHV µDG¶ 7KH PDMRU OLPLWDWLRQ RI %/(
UHPDLQVWKHUHTXLUHPHQWIRUORFDODFFHVVSRLQWVHJVPDUWSKRQH
5HVHDUFKDW7KH8QLYHUVLW\RI6KHIILHOG¶V$GYDQFHG5DGLR7HFKQRORJ\&HQWUH
7KH$57&LVUHVHDUFKLQJQHZUDGLRFRQFHSWVKLJKO\UHOHYDQWWR6RFLDO&DUHDQG$7
KLJKUHOLDELOLW\FLW\FRYHUDJHIRUORZSRZHU,R7GHYLFHVDQGORZSRZHUWHFKQLTXHV
IRULGHQWLILFDWLRQRILQGRRUDQGRXWGRRUXVHUSRVLWLRQ
+LJK5HOLDELOLW\:LGH$UHD,R7:LUHOHVV&RQQHFWLYLW\IRU6RFLDO&DUH'HYLFHV
%RG\ZRUQ $7 ,R7 V\VWHPV PXVW EH FRVWHIIHFWLYH GLVFUHHW LQ VL]H DQG H[WUHPHO\
UHOLDEOHPHVVDJHUHOLDELOLW\FRPSDUDEOHWRGRPHVWLFWHOHSKRQHDYDLODELOLW\RI
ZKLOVWDOVRRIIHULQJPXOWL\HDUVHUYLFHOLIHIURPDFRLQFHOOEDWWHU\1RQHRIWKHHPHUJLQJ
,R7UDGLRWHFKQRORJLHVDUHµILWIRUSXUSRVH¶LQKLJKUHOLDELOLW\VFHQDULRV7KH$57&LV
UHVHDUFKLQJEURDGDQGLQWHUUHODWHGWKHPHVWRDGGUHVVWKHQHHGVRIDOOXVHFDVHVµDH¶
 'LVWULEXWHG0DVVLYH0,02 LV SURSRVHG WREH LPSOHPHQWHG LQDJHRJUDSKLFDOO\
GLVWULEXWHGIRUPUDWKHUWKDQRQDVLQJOHPDVWDVHQYLVDJHGLQ*FHOOXODUV\VWHPV
ZLWK ORZFRPSOH[LW\ DFFHVV SRLQWV RSHUDWLQJ DW 9+) DQG 8+) 7KH µ0DVVLYH¶
DVSHFWRI0,02LVWKHUHIRUHLPSOHPHQWHGE\WKHJHRJUDSKLFGLVWULEXWLRQRIDFFHVV
SRLQWV7KLVFRQFHSWZLOOSURYLGHHQKDQFHG OLQNEXGJHW WRDQ ,R7PRELOHGHYLFH
PLQLPLVLQJ EDWWHU\ UHTXLUHPHQWV DQG VXSSRUWLQJ VPDOO ORZ HIILFLHQF\ DQWHQQDV
5HVXOWLQJZHDUDEOH6RFLDO&DUHSURGXFWVFRXOGKHQFHEHYHU\VPDOODQGORZFRVW

 &RJQLWLYH 5DGLR &5 ZLWK PXOWLIUHTXHQF\ EDQG FDSDELOLW\ ZLOO DOORZ WKH ,R7
GHYLFH WR DVVHVV LWV RSHUDWLRQDO UDGLR HQYLURQPHQW LGHQWLI\ DQG DYRLG VRXUFHV RI
LQWHUIHUHQFH DQG VHOHFW RSWLPDO IUHTXHQF\ SRZHU DQG PRGXODWLRQ WR XVH IRU D
PHVVDJHWUDQVPLVVLRQ,QWHUQDWLRQDOVSHFWUXPUHJXODWRUVKDYHDJHQGDVWRVKDUHDQG
EURDGHQDFFHVVWRVSHFWUXP7KLVZLOOLQHYLWDEO\OHDGWRLQFUHDVHGLQWHUIHUHQFHDQG
UHGXFHGUHOLDELOLW\IRUOLQNVWKDWGRQRWHPSOR\&5XQDFFHSWDEOHIRU$7SURGXFWV
/RZ3RZHU/RFDWLRQ'HWHFWLRQ	7UDFNLQJIRU$O]KHLPHU6XIIHUHUV
,QGRRU ORFDOLVDWLRQ UHPDLQV D FKDOOHQJH IRU UHVHDUFK RIWHQ GHOLYHULQJ XQVDWLVIDFWRU\
SHUIRUPDQFH >@ >@ +LJK DFFXUDF\ UHTXLUHV VSDWLDO GLYHUVLW\ DQG EDQGZLGWK >@
7RGD\ PXFK UHVHDUFK DGGUHVVHV FHQWLPHWUH DFFXUDF\ XVLQJ V\VWHPV HJ 8:%
UHTXLULQJKLJKSRZHUVDQGEDQGZLGWKZKLFKDUHXQVXLWDEOHIRUERG\ZRUQGLVFUHHW$7
6RFLDO &DUH SURGXFWV IRU ORFDWLRQ WUDFNLQJ FRQYHQWLRQDOO\ XVH *36 DQG VPDUWSKRQH
WHFKQRORJ\>@ZKLFKDUHH[SHQVLYHUHTXLUHGDLO\EDWWHU\FKDUJLQJDQGVXIIHUIURPSRRU
LQGRRU *36 FRYHUDJH 6\VWHPV WR FRVWHIIHFWLYHO\ DQG GLVFUHHWO\ WUDFN $O]KHLPHU
VXIIHUHUV OLYLQJ LQ WKH FRPPXQLW\ DUH YLWDO LGHQWLI\LQJ LI WKH\ KDYH ZDQGHUHG DQG
VXEVHTXHQWO\ORFDWLQJWKHPTXLFNO\LQDQXUEDQHQYLURQPHQW
7KH$57&LVLQYHVWLJDWLQJQRQ*36WHFKQLTXHVEDVHGRQPXOWLSOHIUHTXHQF\$QJOH
RI$UULYDO$R$7KLVQRYHO$R$UDGLRV\VWHPFDQRIIHULQGRRUDQGRXWGRRUFRYHUDJH
ZLWKDFFHSWDEOH ORFDWLRQDFFXUDF\IRU6RFLDO&DUHXVHFDVHV6LPXODWLRQVRI WKHQRYHO
0XOWL)UHTXHQF\DQG0XOWL)UHTXHQF\ZLWK9LUWXDO$UUD\9$DOJRULWKPVDUHVHHQWR
SURYLGHLPSURYHPHQWVLQ$R$DFFXUDF\DQGVLJQDOUHIOHFWLRQVXSSUHVVLRQFRPSDUHGWR
FXUUHQWSRSXODUVLQJOHIUHTXHQF\VSHFWUDOEDVHGPHWKRGVVXFKDV086,&ILJ

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)LJXUH3RODU$QJOHRI$UULYDORIGLUHFWDQGUHIOHFWHGUD\VVRXUFH$R$EHDULQJLVDWGHJUHHV
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$GGLWLRQDOO\ WKHDSSOLFDWLRQRI ORZHUFRPSOH[LW\ VLJQDOGHFRPSRVLWLRQVVXFKDV
45 >@ UHGXFHV WKH HQHUJ\ UHTXLUHPHQWV IRU FDOFXODWLQJ EHDULQJ 7KH FXUUHQW WULDO
V\VWHP LV HTXLSSHG ZLWK WHQ DQWHQQDV DQG MRLQWO\ XVHV WKUHH IUHTXHQF\ EDQGV ILJ 
1RYHO KDUGZDUH ZLOO IDFLOLWDWH WKH LGHQWLILFDWLRQ RI WKH SULPDU\ VLJQDO DPLG PXOWLSOH
VLJQDOUHIOHFWLRQVDQGKHQFHUDSLGO\SURYLGHDEHDULQJRIDVRXUFHZKHWKHULQGRRUVRU
RXWGRRUV 7KH $O]KHLPHU VXIIHUHU ZRXOG EH UHTXLUHG WR ZHDU D VPDOO GLVFUHHW µWDJ¶
WUDQVPLWWLQJVRXUFHSRZHUHGE\DFRLQFHOOODVWLQJVHYHUDO\HDUV7KHZRUQGHYLFHFRXOG
DOVREHXVHGDVDQHPHUJHQF\DODUPVSHFLILFDOO\VXSSRUWLQJXVHFDVHµD¶
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